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CONTRIBUTIONS

A r t i c l e s  in E n g l i s h  o r  French a r e  welcome.  They s hou l d  be a d d r e s s e d  
t o  a r e g i o n a l  c o r r e s p o n d e n t  o r  t o  a member o f  t h e  e d i t o r i a l  b oa r d .

SUBSCRIPTIONS

A c o u s t i c s  and Noi se  Con t ro l  i n  Canada i s  d i s t r i b u t e d  f r e e .  To have 
yo ur  name pu t  on t h e  m a i l i n g  l i s t ,  p l e a s e  c o n t a c t  t h e  Noi se  Con t r o l  
D i v i s i o n ,  Envi ronmenta l  P r o t e c t i o n  S e r v i c e ,  Depa r tment  o f  t h e  Env i ronme n t ,  
Ot t awa ,  O n t a r i o  K1A 0H3. P o s t a l  codes  must  be p r o v i d e d  f o r  a l l  a d d r e s s e s  
in  Canada.

This newsletter is published by the Canadian Acoustical Association. 
Printing and distribution are provided by the Department of the 
Environment. The contents of the newsletter and any opinions 
expressed are the responsibility of the authors and do not necessarily 
represent the views of the Canadian Acoustical Association or the 
Canadian Government, its departments or agencies.

( c o n t i n u e d  on i n s i d e  back c o v e r )  

o o o o o o o o o

C O N L R I B U T I O N

Vous ê t e s  i n v i t é s  à f a i r e  p a r v e n i r  des  a r t i c l e s  en a n g l a i s  ou en f r a n ç a i s .  
P r i è r e  de l e s  a d r e s s e r  à un co r r es pondan t ,  r é g i o n a l  ou à un membre de l a  r é d a c t i o n .

SOUSCRIPTION

L ' a c o u s t i q u e  e t  l a  l u t t e  a n t i b r u i t  au Canada e s t  d i s t r i b u é  g r a t u i t e m e n t .  
V e u i l l e z  communiquer avec  l a  D i v i s i o n  de l a  l u t t e  a n t i b r u i t .  S e r v i c e  de l a  
p r o t e c t i o n  de l ' e n v i r o n n e m e n t ,  M i n i s t è r e  de 1 ' E n v i r o n n e m e n t , Ot tawa ( O n t a r i o ) ,
Kl A 0H3, pour  f a i r e  i n s c r i r e  v o t r e  nom s u r  l a  l i s t e  d ' e n v o i .  I l  e s t  n é c e s s a i r e  
que t ous  l e s  r é s i d a n t s  du Canada i n d i q u e n t  l e u r  code p o s t a l .

Ce bulletin d'information est publie' par l'Association canadienne de 
l'acoustique. Le Ministère de l’Environnement s'occupe de l'impression 
et de la distribution. Le contenu du bulletin ainsi que les avis exprimes 
ne représentent pas nécessairement l'opinion de l'Association canadienne 
de l ’acoustique ou du gouvernement du Canada et des ministères et 
organismes fédéraux ; ce sont les auteurs qui en assument la responsabilité.

( s u i t e  au r e c t o  de l a  c o u v e r t u r e  i n f é r i e u r e )
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Notice Board

I n s t i t u t e  of  Acoust ics  Spring Conference '77

The I n s t i t u t e s  Spring Conference and Exhib i t i on  i s  to  be held 
a t  the  Univ e rs i t y  o f  Bath,  Claverton Down, Bath On April  4 -6 ,  1977. The 
to p ic s  covered by the conference  wi l l  inc lude:

U l t r a son ic  S tudies  o f  Sol ids  and Liquids 
Acoustic P r o p e r t i e s  of  Mater ia l s  
High I n t e n s i t y  Sound and Ultrasound 
I n d u s t r i a l  Uses of  Noise and Vibra t ion  
Neighbourhood Noise

An impor tan t f e a tu r e  of  the Conference wi l l  be a s p e c i a l i s t  
symposium which wi l l  p r e sen t  and d is cuss  work and progress  on Underwater 
Acoust ic  S tudies  of  Sediments .

An e x h i b i t i o n  o f  a c o u s t i c s  and u l t r a s o n i c s  wi l l  a l s o  form 
p a r t  of  the  Conference a c t i v i t i e s .  An indiv idua l  or  o rg an iz a t io n  wish­
ing to take  p a r t  in the  e x h i b i t i o n  or  wishing f u r t h e r  d e t a i l s  on the 
conference  should w r i t e  to

The Sec re ta ry  
I n s t i t u t e  of  Acoust ics  
47 Bel grave Square 
London SW1X 8QX



C.A.P.  Symposium on U l t r a s o n i c s

P r o f e s s o r  D. Cheeke and h i s  a s s o c i a t e s  a t  t he  Groupe de 
Recherche sur  Les Semiconducteurs  e t  l e s  D i é l e c t r i q u e s  o f  the  U n i v e r s i t y  
de Sherbrooke o r g a ni ze d  the  meet ing  which was he ld  on October 29 and 30.  
The programme c o n t a i n e d  ( i )  quantum e f f e c t s  in s o l i d s ,  ( i i )  s u r f a c e  waves ,  
g e ne r a t i o n  and d e t e c t i o n ,  ( i i i )  s u r f a c e  wave d e v i c e s ,  ( i v )  i n d u s t r i a l  
a p p l i c a t i o n s  o f  u l t r a s o n i c s ,  ( v )  imaging and holography in r e l a t i o n  to  
medical  d i a g n o s i s .

About f i f t y  peopl e  a t te n d e d  and about  f i f t e e n  papers were  
p re sen te d a t  the  mee t i ng .  A t our  o f  t he  GRSO l a b s  was i n c l u d e d .  Further  
i nformat i on  about  the  meet ing  can be o b t a i n e d  from H.W. J o n e s ,  U n i v e r s i t y  
o f  Cal gary.

POSITION WANTED

Acoustical Engineer, currently Head of the Acoustical 
Laboratory, National Institute of Industrial Technology, 
Argentina.

Bachelor's degree in Electronic Engineering (1956),
M.Sc. in Acoustics (1969) .

Considerable teaching experience at the University of 
Buenos Aires and the National Technical University. 
Numerous papers on architectural acoustics, sound 
measurements, hearing protection and acoustical 
materials. Has spent periods in Britain (at Imperial 
College, ISVR, Building Research Station) under 
British Council Scholarship; in Texas (Callier Center) 
under Fulbright Scholarship; and in Germany and again 
in Britain under UN auspices.

Member ASA, BAS and currently President of Argentinian 
Acoustical Society. Fluent in English, French and 
Spanish.

Referees: Dr. George Moushegian, Callier Institute,
1966 Inwood Ed., Dallas, Texas. 75235; Dr. Daryl May, 
Ontario Ministry of Transportation & Communications, 
phone (416) 248-3771.

Please write for full resume: Alberto Behar, Avenida 
La Plata 790, Buenos Aires 1235, Argentina.



MINUTES OF CAA BUSINESS MEETING 

6th October 1976

Held in Faculty Club, University of British Columbia, Vancouver.

R.J. Donato, Physics Division, National Research Council,
Ottawa, Ontario, K1A 0S1.

The President, Hugh Jones, called the meeting to order at 20:00 hrs with 
27 members present. As no items had been raised by the membership in 
response to the invitation in a recent Newsletter he suggested the agenda 
be : -•

Minutes of last annual meeting and business arising therefrom, including

a) Foreign consultants in Canada
b) International INCE
c) Legal status of CAA and incorporation
d) Treasurer's Report
e) Editor's Report

f) Any other business
g) Election of Officers.

A motion to accept the agenda was proposed by J. Manuel and 
seconded by J. Foreman.

FOREIGN CONSULTANTS IN CANADA

The President read to the members the text of the letter he had 
sent to the Hon. R. Andras who was at that time the Minister of Manpower 
and Immigration.. In summary, the letter drew the Minister's attention to 
the difficulties of Canadian consulting acoustical engineers faced with 
foreign competition for work being contracted by various government depart­
ments in Canada. The competition was unequal in that in particular US 
consultants have to satisfy less stringent requirements to obtain work in 
Canada than Canadians in the U.S. Further, standards which it is hoped will 
be accepted and used in Canada are not always required in the U.S.

The reply from Mr. Andras stated that it is the policy of the 
Federal Government that foreign workers will not be admitted for temporary 
employment if a qualified Canadian or a permanent resident is available and 
willing to take the employment. The responsibility to implement this policy 
rests with Canada Manpower Centres. Sometimes special circumstances exist 
when this general rule must be broken, and until recently specialists could 
be transferred into Canada by their employers. As many engineers were 
being admitted under this provision the manpower centres are now required to 
ascertain the availability of qualified Canadians, and acoustical engineers 
and professional associations would be consulted. The references to noise 
abatement standards had been forwarded to the Ministers of Public Works and 
the Environment.
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The President added that a copy of the letter would be available 

[or anyone presenting a specific complaint on this matter to his local 
Canadian Manpower Centre.

J. Manuel proposed a copy of the letter be sent to engineering 

bodies in Canada. K. Harford seconded this and the motion was carried.

D. Whicker added that a similar procedure to equalize competition had been 

tried with B.C. engineers but the reluctance of some members who anticipated 
difficulty in introducing their own consultants into Canada had prevented 

its acceptance.

INTERNATIONAL INSTITUTE OF NOISE CONTROL ENGINEERING (I/INCE)

The President had thanked Dr. Lang for his invitation to join

I/INCE and had asked him for

1) the financial implications of joining I/INCE
2) details of the membership

3) a short history of I/INCE
4) names of present officers

While answers had been received to the questions it was felt 
that a decision on whether or not to join might be more appropriate after 

our legal status and proposed incorporation had been acted upon one 

way or the other. J. Manuel proposed that such a decision be deferred 

sine die and T. Siddon, whilst seconding the motion, asked about the 

advantages and costs of joining. The President replied that I/INCE 

assists the pursuit of Noise Control Engineering, has its own publication, 

holds international meetings which are arranged not to conflict with other 

international, national and local society meetings, and contributes to the 

development of international standards. The cost is 350 Swiss francs 
per year and there are at present 9 societies associated with I/INCE.

T. Siddon wondered whether I/INCE would exclude US from other bodies, ICAO 

for example, but the President reminded him we were already affiliated 

with ICAO. The motion was moved and carried.

LEGAL STATUS AND INCORPORATION

The Dean of Law at the University of Calgary, at the request of 
H. Jones had approached the Ministry of Consumer Affairs to see whether 

our name was suitable for incorporation. The Ministry's first response 

was negative in that they felt our name had some resemblance to existing 
companies' names. However, a more forceful presentation caused them to recon­

sider and to approve our name.

A set of by-laws, necessary for incorporation, and based on those 

used at the Industrial Research Centre at Windsor, had been prepared and were 
presented to the members at the meeting. There were some errors in the 

by-laws and these were corrected. The President said we could go through the 

by-laws item by item but the really important question we must decide was 
whether or not to incorporate. That being decided the by-law document could 

be used as a provisional document and after incorporation had occured changes 
could be made. If the document were found to be reasonable and just we could
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accept it provisionally; if not we could discuss any points raised.

D. May thought we should have the discussion if it did not take 
too long, but the President said no discussion was relevant until the de­
cision to incorporate had been taken. T. Siddon moved the acceptance of 
the by-laws in principle, and recommended the new President refine them.
The President asked if anyone would propose we incorporate, and J. Manuel 

proposed, D. Whicker seconding, such a motion.

D. Whicker asked D. McKay if he would like to comment on the 
Ministry of the Environment's future policy on the publication of the 
Newsletter. D. McKay replied that the 650 copies would be published free 
by MOE but of course the situation could change. If it did it would be 
easier for the Association to publish on its own if it were incorporated.
And if MOE asked the CAA to shoulder some of the cost it would be easier 

to deal with an incorporated body.

A. Lees asked about the advantages of incorporation. The President 
replied that there would then be limited liability to officers of the 
Association, the CAA would be able to enter into contracts with government, 
payments made would be eligible for income tax rebate, and from the 
Ministry of Consumer Affairs point of view there would be a set of identi­
fiable by-laws.

E. Bolstad reminded the members that discussions on these lines had 
been going on over the last four years. The strongest opposition had come 
from the oldest members who feared that both the informality of the Associa­
tion would be lost and its effectiveness reduced by such a move as 
incorporation. The President felt incorporation to be necessary. He foresaw 
the time when the Association might have to act as a pressure group, and 
the influence of the Association would increase upon incorporation. The 
vote was taken upon the motion that the CAA should be incorporated, and was 
passed unanimously.

BY LAWS & OBJECTIVES

J. Manuel asked whether the by-laws were to come into force at the 
next general meeting and if there would be a year for further consideration.
H. Jones felt they would be an interim set for a year and that they could 
then be reconsidered. W. Bradley asked whether the meeting authorizes the 
executive to approach the government with the by-laws and ask to be incorporated. 
In that case there will not be a year for further consideration. In one 
year we would be incorporated, with a set of by-laws, and these by-laws could 
be then subject to amendment. The President replied that the provisional 
by-laws plus any advice recommended at this meeting could lead to the first 
set of by-laws presented upon the application to incorporate,

D. May recommended that an opportunity be made for input and the 

President reiterated that this could take place in the subsequent modifica­
tions after incorporation. T. Siddon proposed the by-laws be adopted in 
principle and that the incoming executive be given power to negotiate 
subject to legal advice. This was seconded by J. Welch. D. Whicker proposed 
an amendment ot the by-laws. That Item 4 which read 'A charge may be made 
for membership and shall be levied equally upon all members’ should have 

substituted 'shall' for 'may' and that the words 'as recommended by the 
executive' be inserted after 'membership'. E. Bolstad seconded this.



J. Manuel proposed an amendment to the amendment in that merely the word 
'may' he replaced by 'shall', but he failed to attract a seconder. J. Welch 

felt the amendment to be out of order as the motion under discussion was the 
action to be taken by the executive, J. Foreman agreed and suggested that the 
amendment should be discussed separately under advice to the executive. 
Accordingly the President asked the mover of the amendment whether the 
amendment could be presented later. This was agreeable to the seconder.
T. Siddon drew attention to the wording of his motion, especially to the words 
'in principle', and felt that the executive could receive suggestions on how 
to act but felt that this was matter to be discussed after his motion 
has been voted on. W. Bradley proposed an amendment that incoming officers 
be regarded as directors (Secretary's note: the proposed by-laws specifically 
mention directors of the CAA as distinct from the executive. The directors 
manage the property and business of the incorporated body, and are eligible for 
re-election each year.) The President considered the amendment out of order.
J. Foreman disagreed and drew attention to the by-law which specifically 
mentioned that provisional directors were to be named in the letters patent of 
the incorporation. T. Siddon changed the wording of his original motion from 
'executive' to provisional officers or directors'. J. Foreman seconded.
T. Siddon although proposing the motion felt confused in that there were no 
provisional directors at the moment. D. McKay added some clarification by 
explaining that under the Canadian Corporations Act an incorporated body must 
have at least three directors and these were defined under the act. E. Bolstad 
also explained that often provisional directors are attorneys who eventually 
turn over their directorship. Finally T. Siddon again modified the motion to 
'the by-laws be accepted in principle and that the incoming executive be given 
powers to act as directors and negotiate incorporation of the CAA'.
J. Welch seconded. The motion was carried.

ADVICE TO THE EXECUTIVE RE BY-LAWS

D. Whicker proposed the motion on by-law 4 that 'a charge shall 
be made' .... rather than 'a charge may be made .....' (see previous dis­
cussion). The motion was seconded by J. Manuel. G. Faulkner asked why 
'shall' was important and D. Whicker answered that charges will be incurred, 
possibly with regard to the Newsletter, and that as an incorporated body we 
should have funds; hence a membership fee was necessary. W. Bradley agreed.
D. Quirt felt that the decision to charge a fee should state what that fee 
should be. J. Welch felt that the fee should be approved annually. The 
President felt that this situation was covered in Item 34 (Secretary s 
note: Item 34 states inter alia that the by-laws may be repealed or 
amended by a further by-law sanctioned at a general meeting). The motion 
was carried with some dissension.

E. Bolstad raised the point that with a fee structure the question of 
qualifications for membership arises. There would be more elaborate 
bookkeeping and an outlawing of people who haven't paid their fees. He 
hoped everybody realised that the whole modus operand! would be altered.
D. McKay felt the by-laws were previously flexible, whereas now with fees 
chargeable, the flexibility was reduced. The President reminded the members 
that in voting for the acceptance of the by-laws in principle the meeting 
had accepted Item 34, which allowed for discretion. J. Manuel added that 
this meeting was only offering advice, and that the executive would be 
looking at the whole financial situation, including the fees added by the 
annual meetings. J. Foreman proposed that the incoming officers, namely the 
president, past president, executive secretary, editor, treasurer, convenors 
of the next and past annual meetings form a provisional board of directors,

4
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and that one other member-at-large be added. W. Bradley seconded and 
the motion was carried.

TREASURER'S REPORT

E. Bolstad reported that on October 9th, 1975 we had $36.25 in hand.
With a profit of $270.00 arising from registrations at the 1975 meeting and 
allowing for printing, stationary charges etc. the 1975 year end balance 
was $254.29. This year the consultants directory had realised $390.00 and 
the profit arising from this year's meeting was expected to be about $544.
He remarked that these were funds with no allocation or budget, and that 
sooner or later we would have to have a budget.

J. Manuel moved acceptance of the budget and D. Merritt seconded: -
carried.

EDITOR'S REPORT

G. Faulkner felt any changes to editorial policy could be deferred 
until after incorporation. The input from the annual general meeting 
(technical and business) provides material for several issues of subsequent 
Newsletters, but it is not a certain supply. The regional correspondents had 
been difficult to use effectively, and material sent from them is not frequent. 
In fact, in some cases even their status is unknown.

J. Foreman outlined the history of the regional correspondents. He 
felt now that the Editor should appoint his own regional correspondents as the 
present ones had been approached several years ago by another executive.
D. May agreed and he pointed out that some regional correspondents might 
not wish to continue. J. Manuel moved that the editor’s report be accepted 
and that the editor approach the regional correspondents to confirm their 
viability. D. May wondered whether we need to be that formal, and the 
President confirmed that the Editor already has the necessary powers.
D. McKay seconded the motion. D. Whicker proposed an amendment that the 
meeting accept the Editor's report and the Editor select his own correspondents. 
J. Manuel then withdrew the second part of his motion and moved simply that 
the editor's report be accepted. This was seconded by J. Welch and the motion 
was carried.

L. Russell, speaking as a regional correspondent, said that one 
of the problems was that no one tells the correspondents what is needed. Some 

news items by-pass the correspondents and are sent directly to the Editor.
He felt that some clarification was needed and the Editor should tell the 
correspondents what was required. T. Siddon felt that a close relationship 
does not exist in some areas. Were more news items wanted? G. Faulkner, the 
Editor, replied that L. Russell was a good correspondent, and confessed he did 
not know the purpose of the original correspondents. He appreciated T. Siddon's 
point and felt that the Editor will need more help if the organization gets 
larger. F. Toole felt the Editor should organize his own system. E. Bolstad 
proposed a vote of thanks to the Editor.
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OTHER BUSINESS

J. Foreman cautioned incoming officers to look closely at eligibility 
for membership. The by-laws state in Item 3 that 'membership ....... be

available to all persons interested in furthering the objectives of the
association .... ' He said there are no qualifications for membership.
T. Siddon said the point was covered in the same item (Item 3) which goes
on ' ....  whose applications ..... have received the approval of the board
of directors'. F. Toole felt applications could be supported by referees 
who could veto the directors (or vice versa).

ELECTION OF OFFICERS

J. Foreman gave a report of his nominating committee. He had 
suggested such a committee be formed of the immediate past president 
and Association members selected at his discretion, to introduce a slate 
of candidates to be presented at the Annual General Meeting. Members 
should also be prepared to submit additional nominees from the floor.

The names the committee proposed were.

President : C.W. Bradley (3)
Past President: H.W. Jones (3)
Secretary : C.W. Sherry (2)
Editor : G. Faulkner (2)
Treasurer : E.H. Bolstad (1)

The numbers in parentheses are recommended periods of service for the 
new candidates. Thereafter, while the membership may have the opportunity 
to change officers the Nominating Committee may recommend extension for up 

to say four years.

As there were no nominations from the floor the above list was voted

President: Proposed H. Jones, seconded J. Manuel: carried 
Secretary: Proposed H. Jones, seconded J. Manuel: carried 
Editor: Proposed D. Whicker, seconded F. Toole: carried
Treasurer: Proposed M. Merritt, seconded G. Faulkner: carried 
Member-at-large: D. Whicker proposed J. Manuel and J. Hemmingway seconded:

carried

E. Bolstad proposed the next meeting be held in Ottawa. This was 
seconded by G. Faulkner and carried.

C.W. Bradley proposed a vote of thanks to the retiring President and 
Secretary.

A. Soom proposed the meeting be adjourned and M. Merritt seconded:
carried.
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Suggested Provisional By-Laws of the Canadian 

Acoustical Association

OBJECTIVES CF THE ASSOCIATION

1. The Association has as its objectives the following:

(a) The fostering of high standard of scientific., engineering and medical 
endeavour in all the branches of acoustics in Canada

(b) The encouraging of liaison between individuals, groups, governments, 
and other organisations engaged in activities relating to acoustics and

(c) the dissemination of knowledge relating to acoustics and its 

applications.

It is not the purpose of the Association to seek to establish 
the professional status of its members, believing this is the concern of other 

organisations.

It may, however, give special recognition or awards to individuals 
who, in the opinion of the board of directors of the Association, are particularly 
meritorious.

In the following the word "Corporation" is deemed to refer to 
the Association.

CORPORATE SEAL

2. The name of the corporation shall be the Canadian Acoustical 
Association and the seal of the corporation shall be in such form as shown 
below :

CONDITIONS OF MEMBERSHIP

3. Membership in the corporation shall be available to all persons 
interested in furthering the objectives of the corporation and whose applica­
tions for admission as members have received the approval of the board of 
directors.

4. A charge shall be made for membership and shall be levied equally 

upon all members.

5. Any member may withdraw from the corporation by delivering to 
the corporation a wiitten resignation and lodging a copy of the same with the 
secretary of the corporation.

6. Any member nay be required to resign by a vote of three-quarters 
of the members at an annual meeting.

HEAD OFFICE

7. The head office of the corporation shall be located at the City of 
, in the Regional Municipality of and

Province of , Canada, at the place therein where the business of
the corporation may from time to time be carried on.
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8. The c o rp o ra t io n  maj: e s t a b l i s h  such o th e r  o f f i c e s  and agenc ies  
elsewhere w i th in  Canada as th e  board o f d i r e c t o r s  may deem ex p ed ien t  by 
re so lu t io n »

BOARD OF DIRECTORS

9 . The p ro p e r ty  and b u s in ess  of th e  c o rp o ra t io n  s h a l l  be managed by 
a board of e ig h t  d i r e c t o r s  o f  whom a m a jo r i ty  s h a l l  c o n s t i t u t e  a quorum. The 
board of d i r e c t o r s  may on l i t e r a t u r e  o f  th e  c o rp o ra t io n  be d es ig n a ted  a s  a 
board o f governors .

10„ D ire c to r s  s h a l l  be e l i g i b l e  f o r  r e - e l e c t i o n  a t  th e  annual meet­
ing of members f o r  terms o f  s e rv ic e  which do not exceed fo u r  y e a rs  i n  t o t a l .

11» The o f f i c e  o f  d i r e c t o r  s h a l l  be a u to m a t ic a l ly  vaca ted

( a )  i f  a d i r e c t o r  s h a l l  r e s ig n  h i s  o f f i c e  by d e l iv e r in g  a w r i t t e n  
r e s ig n a t io n  to  the  s e c r e ta r y  of th e  c o rp o ra t io n ,

(b)  i f  he i s  found to  be a l u n a t i c  o r  becomes o f  unsound mind,

(c )  i f  he becomes bankrupt o r  suspends payment o r  compounds w ith  
h i s  c r e d i t o r s ,

(d) i f  a t  th e  annual meeting o r  s p e c i a l  g e n e ra l  meeting of 
members a r e s o lu t io n  i s  passed by th r e e - q u a r t e r s  o f  th e  
members p re s e n t  a t  the meeting t h a t  he be removed from 
o f f i c e  «

(e )  on dea th j

provided t h a t  i f  any vacancy s h a l l  occur f o r  any reason  i n  t h i s  paragraph  
co n ta in ed , the  d i r e c t o r s  may by r e s o lu t io n  f i l l  the  vacancy with a person  in  
good s tand ing  on the  books o f  the  c o rp o ra t io n  as a member.

12. Meetings o f  the  board o f  d i r e c t o r s  may be held  a t  any time and 
p lace  to  be determ ined by the  d i r e c t o r s  provided t h a t  f iv e  days n o t ic e  of 
such meeting s h a l l  be s e n t  in  w r i t in g  to  each d i r e c t o r .  No form al n o t ic e  
s h a l l  be n ecessa ry  i f  a l l  d i r e c to r s  a re  o re s e n t  a t  th e  meeting o r  waive n o t ic e  
th e re o f  i n  w r i t i n g .

13» D i r e c to r s ,  as such , s h a l l  not re c e iv e  any s t a t e d  rem unera tion  
f o r  t h e i r  s e r v i c e s .

XLu A r e t i r i n g  d i r e c t o r  s h a l l  remain in  o f f i c e  u n t i l  th e  d i s s o l u t i o n  
o r  adjournment o f  th e  meeting a t  vdiich h i s  su cc e sso r  i s  e l e c t e d .  A d i r e c t o r  
s h a l l  hold o f f i c e  u n t i l  th e  nex t annual meeting of members fo l lo w in g  h i s  
e l e c t i o n  or appoin tm ent.

15® The d i r e c t o r s  may e x e rc is e  a l l  such powers o f  the c o rp o ra t io n  
as a re  not by th e  Canada C orpora tions  Act o r  by these  by-laws re q u ire d  to  be 
exerc ised  by the  members a t  g en e ra l  m eetings.

16, Upon e l e c t i o n  a t  th e  f i r s t  annual meeting o f  members, the  
board of d i r e c t o r s  then  e le c te d  s h a l l  re p la c e  th e  p r o v is io n a l  d i r e c t o r s  
named in  the  l e t t e r s  p a te n t  of the  c o rp o ra t io n .



17. A majority of the directors shall have power to authorize 
expenditures on behalf of the corporation from time to time and may delegate 
by resolution to an officer or officers of the corporation the right to 
employ and pay salaries tc employees. The directors shall have the power 
to make expenditures for the purpose of furthering the objects of the 
corporation. The directors shall have the power to enter into a trust 
arrangement with a trust company for the purnose of creating a trust fund.

18. The board of directors shall t-îke such steps as they may deem 
requisite to enable the corporation to receive donations and benefits for the 
purpose of furthering the objects of the corporation.

OFFICERS

19. The officers of the corporation shall be a president, immediate 
past president, executive secretary, editor, treasurer, the conveners of the : 
next and last annual meeting of the Association and such other officers as 
the board of directors may by by-law determine. The offices of executive 
secretary and treasurer may not be held by the same person.

20. The president and other officers, apart from the immediate 
past president and the conveners of the next and last annual meeting, shall 
be elected at the annual meeting of members.

21. There may be such honorary officer or officers as the board of 
directors may from time to time consider advisable and they shall hold office 
for such period of time as may be prescribed by the board.

22. The board may appoint such agents and engage such employees as 
it shall deem necessary from time to time and such persons shall have such 
authority and shall perform such duties as shall be prescribed by the board 
at the time of such appointment.

23. The officers of the corporation shall hold office for one year 
and/or until their successors are elected or appointed in their stead.

DUTIES OF OFFICERS

2ii. The president shall be the chief executive officer of the 
corporation. He shall preside at all meetings of the corporation and of 
the board of directors. He shall have the general and active management of 
the business of the corporation. He shall see that all orders and resolutions 
of the board are carried into effect and he with the executive secretary or 
other officer appointed by the board for the purpose shall sign all by-laws 
and other documents requiring the signatures of the officers of the corporation.

2$. The past president shall, in the absence or disability of the 
president, perform the duties and exercise the powers of the president and 
shall perform such other duties as shall from time to time be imposed upon him 
by the board. He will prepare a list of candidates for presentation to the 
Annual General Meeting for consideration by that meeting prior to the 
conducting of elections.

26. The treasurer shall have the custody of the corporate funds 
and securities and shall keep full and accurate accounts of receipts and 
disbursements in books belonging to the corporation and shall deposit all

9
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moneys and other valuable effects in the name and to the credit of the 
corooration and in such depositories as may be designated by the board of 
directors from time bo time. He shall disburse the funds of the corooration 
as may be ordered by the board, taking proper vouchers for such disbursements, 
and shall render to the president and directors at the regular meeting of the 
board, or whenever they may reouire it, an account of all his transactions 
as treasurer and of the financial position of the corporation. He shall also 
perform such other duties as may from time to time be determined by the board»

27» The executive secretary shall attend all sessions of the board 
and all meetings of the members and act as clerk thereof and record all votes 
and minutes of all proceedings in the books to be kept for that purpose.
When the business of the Association is conducted by the directors by mail 
he will similarly act as clerk and keep records» He shall give or cause to 
be given notice of all meetings of the members and of the board cf directors, 
and shall perform such other duties as may be prescribed by the board of 
directors or president, under whose supervision he shall be. He shall be 
custodian of the seal of the corporation, which he shall deliver only when 
authorized by a resolution of the board to do so and to such person or persons 
as may be named in the resolution.

EXECUTIVE COMMITTEE

28. The board of directors may from time to time elect from among 
its number an executive committee consisting of such number of members, not 
less than two, as the board of directors may by resolution determine. Each 
member of the executive committee shall serve during the pleasure of the 
board and, in any event, only so long as he shall be a director. The board 
of di rectors may fill vacancies in the executive committee by election from 
among its number. Whenever a vacancy shall exist in the executive committee, 
the remaining members may exercise all its power so long as a quorum remains 
in office »

29 « During the intervals between the meetings of the board of directors 
the executive committee shall possess and may exercise (subject to any regula­
tions which the directors may from time to time impose) all the powers of the 
board of directors in the management and direction of the affairs of the 
company (save and except only such acts as must by law be performed by the 
directors themselves) in such manner as the executive committee shall deem best 
for the interests of the corporation in all cases in which specific directions 
shall not have been given by the board of directors.

30o Subject to any regulations imposed from time to time by the 
board of directors, the executive committee shall have power to fix its 
quorum at not less than a majority of its members and. may fix'its own rules 
of procedure from time to time.

31. Meetings of the executive committee may be held at the head office 
of the company or at any other place in or outside Canada. The executive 
committee shall keep minutes of its meetings in viiich shall be recorded all 
action taken by it, which minutes shall be submitted as soon as practicable 
to the board of directors.

MEETINGS

32. The annual meeting of the members of the corporation shall be



held at the head office of the corporation or elsewhere in Canada as the 
board of directors may designate. At such meeting the .members shall elect 
a board of directors and shall receive a renort of the directors.

33. Twentyeight days prior written notice shall be [riven to each 
member of any annual or special general meeting of members. Twelve members 
present in person at the meeting shall constitute a quorum. Each member 
present at a meeting shall have the right to exercise one vote,

AMENDMENT OF BY-LAWS

34. The by-laws of the corporation may be repealed or amended by 
by-law enacted by a majority of the directors at a meeting of the board of director 
and sanctioned by an affirmative vote of at least two-thirds of the members at a 
general meeting duly called for the purpose of considering the said by-law, pro­
vided that the enactment, repeal or amendment of such by-law shall not be en­
forced or acted upon until the approval of the Minister of Consumer and Corporate 
Affairs has been obtained. Such amendments shall be presented to the next annual 
meeting of the Association for its consideration.

3?0 A member may appoint as his proxy any other member to vote at 
any annual or special general meeting provided such appointment is made in 
writing and the secretary of the Association is so informed.

36» At all meetings of members of the corporation every question 
shall be determined by a majority of the votes cast at the meeting unless 
otherwise specifically provided by the Canada Corporations Act or by these 
by-laws,

37. The financial year of the corporation shall be the year starting 
on 1st September.

AUDITORS

38. The members shall at each annual meeting appoint an auditor to 
audit the accounts of the corporation to hold office until the next annual 
meeting provided that the directors may fill any casual vacancy in the office 
of auditor. The remuneration, if any, of the auditor shall be fixed by the 
board of directors.

SIGNATURE AND CERTIFICATION OF DOCUIE NTS

39. Contracts, documents or any instruments in writing requiring
the signature of the corporation, shall be signed by any two of the president, 
immediate past president, secretary or treasurer and all contracts, documents 
and instruments in writing so signed shall be binding upon the corporation 
without any further authorization or fonaality. The directors shall have 
power from time to time by by-law to appoint an officer or officers on 
behalf of the corporation either to sign contracts, documents and instruments 
in writing generally or to sign specific contracts, documents and instruments 
in writing. The seal of the corporation when required may be affixed to 
contracts, documents and instruments in wilting signed as aforesaid or by 
any officer or officers appointed by resolution of tie board of directors.

RULES AND REGULATIONS

11

I4.O. The board of directors may prescribe such rules and regulations
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not in c o n s i s t e n t  w ith  the.se by- 1 3 vs r e l ^ t i n r  to  th e  m  nape ment and o p e ra t io n  
of the c o rp o ra t io n  as th ey  deem e x p e d ie n t ,  provided t h a t  such r u le s  and 
re g u la t io n s  s h a l l  have fo rce  and e f f e c t  only u n t i l  the  nex t annual meeting 
of  th e  members o f  th e  c o rp o ra t io n  when th e y  s h a l l  be confirm ed , and i n  d e f a u l t  
of co n f irm atio n  a t  such annual meeting o f  members s h a l l  a t  and from t h a t  time 
cease to  have fo rce  and e f f e c t .

U l.  In  th e se  by-laws the  s i n r u l a r  s h a l l  in c lu d e  the p l u r a l  and the 
p lu r a l  the s in g u la r ;  the m asculine s h a l l  in c lu d e  the fem in ine ,

IN WITNESS WHEREOF we have hereun to  s e t  our hands a t  the  C i ty  of 
, t h i s  day of 197

A p p lican ts

/



THE ASSESSMENT OF ANNOYANCE DUE TO TRAIN NOISE
BY J .R.  HEMINGWAY 13

Noise P o l l u t io n  Control S ec t ion ,  P o l l u t io n  Control Branch 
Minis t ry  o f  the Environment, Ontaio.

INTRODUCTION

In our modern s o c i e t y  many people a r e  ob l iged  to  l i v e  in  
a r e a s  s u b j ec t e d  to  high no is e  l e v e l s  due to  the  major t r a n s p o r t ­
a t i o n  sources  -  a i r c r a f t ,  t r a f f i c  and t r a i n s .  Much re sea rch  
has been performed in  an e f f o r t  to o b ta in  annoyance assessment  
s c a l e s  f o r  a i r c r a f t  ( 1 ) and t r a f f i c  no ise  ( 2 ) and even a u n i f i e d  
assessment  s c a l e  which a p p l i e s  f o r  severa l  no is e  sources  (3) .  
R e l a t i v e l y  few i n v e s t i g a t i o n s  have been o r i e n t a t e d  towards the  
s p e c i f i c  problem of  t r a i n  n o i s e .

In t h e  p a s t  th e  sound o f  steam locomotives was though t  to  
be a r e l a t i v e l y  a c c e p t a b l e ,  even en jo yab le  sound. Unfo r tuna te ly  
th e  passing of  the  steam locomotive  has l e f t  us wi th  t h e  d i e se l  
locomot ive  which does not  possess  th e  romantic image o f  the o ld  
steam locomot ives .  I t  i s  s t i l l  thought  however, t h a t  t r a i n  n o i s e  
is one o f  th e  more a c c e p ta b l e  n o i s e s ,  many people  being w i l l i n g  
(o r  perhaps  ob l iged )  to  l i v e  c lo se  to  ra i lway  t r a c k s .  This 
op in ion  is r e i n f o r c e d  by the  f e e l i n g  t h a t  t h e se  people do not  
complain about  t r a i n  no i se .  However, many compla ints  a r e  r ec e iv e d  
by t h e  r e l e v a n t  a u t h o r i t i e s .  A second p o in t  i s  t h a t  ac tua l  
compla int s  a re  no t  thought  to  be a s a t i s f a c t o r y  measure o f  annoyance.  
Many people  may be annoyed bu t  few complain.  The work which has 
been performed on t r a i n  no i s e  annoyance ( 4 , 5 , 6 ,  a l l  summarized 
in 7) i s  o f  an i n t e r n a t i o n a l  n a t u r e ,  s t u d i e s  being undertaken 
in England, France and Japan.  To th e  au th ors  knowledge no major 
a t t e m p t  has been made to  cornel  a t e  annoyance wi th  t r a i n  noise  
in Canada. I t  i s  o f t e n  remarked t h a t  annoyance i s  a fu n c t io n  
o f  n a t i o n a l  c o n d i t i o n s  and t r a i t s  making th e  need f o r  loca l  r e ­
sea rc h  an im por tan t  one.

To f u l f i l l  t h e  need f o r  an assessment  s c a l e  f o r  d e t e rm in a t io n  
o f  annoyance due to  t r a i n  no is e  a p r o j e c t  was i n s t i t u t e d  by t h i s  
M in i s t ry .  The work was performed by f i v e  Seneca College  s t u d e n t s  
under the  s u p e r v i s io n  o f  the  Noise P o l l u t i o n  Control Sec t ion  o f  the  
M in i s t ry  o f  the  Environment and f inanced  th ro u g h t  th e  Exper ience  

'75 scheme.

The o b j e c t i v e s  o f  the  p r o j e c t ,  as r e l e v a n t  to  t h i s  paper ,  
were to  perform no is e  measurements a t  va r ious  s i t e s  c l o s e  to  
r a i lw a y  t r a c k s  in  the  Metro Toronto a r e a ;  to  analyze  t h e s e  no is e  
measurements on a day,  evening and n ig h t  b a s i s  to  y i e l d  s t a t i s t i c a l  
pa rameter s  such as Lgg, L5 0 , Li q , L] , L g j , Le q (both t o t a l  s i t e

L eq and t r a i n  a lo ne  Leq ) and a lso  t r a i n  pa rameters  such as

a u d i b l e  t r a i n  d u r a t i o n ;  to perform in te rv ie w s  wi th  people  l i v i n g  
c l o s e  to  th e  moni tor ing l o c a t i o n s ;  to  c o r r e l a t e  th e  no i s e  
d e s c r i p t o r s  wi th th e  s o c io l o g i c a l  survey r e s u l t s ;  to  choose th e  
most a p p r o p r i a t e  no is e  d e s c r i p t o r  and f i n a l l y  to  c o n s t r u c t  a 
t r a i n  no i s e  annoyance r a t i n g  sca le  based on t h i s  no is e  d e s c r i p t o r .

The o v e r a l l  o b j e c t i v e s  o f  the  p r o j e c t  were wide and not 
conf ined to  the  i n v e s t i g a t i o n  of  t r a i n  noi se  annoyance.  Much 
socio-economic da ta  were ob ta ined  as well as in fo rm a t ion  on th e  
assessment  of  o t h e r  noi se  sourc es .  This r e p o r t  wi l l  be concerned 
on ly  wi th  the  t r a i n  noi se  a sp e c t s  o f  the  p r o j e c t .  The remainder  
o f  th e  p r o j e c t  co n ta in s  a weal th  o f  in for mat ion to  be r ep o r ted  
at- pi la + pr Hatp.



SITE SELECTION

I n i t i a l l y  s i t e  s e l e c t i o n  was performed by s tudy ing  maps to  
f i n d  s u i t a b l e  s t r e e t s  running c l o s e  to  ra i lw ay  t r a c k s  (bo th  Canadian 
Nat ional Railways and Canadian P a c i f i c  Rai lways) and avo id ing  
o t h e r  major  sources  such as i n d u s t r y  and freeways.  However, as 
i t  was wished to  prov ide  a v a r i e t y  o f  no ise  backgrounds to  th e  
t r a i n  n o i s e ,  a r e a s  were a l s o  chosen with  high expected  t r a f f i c  
f lo w s - in  downtown a re a s -a n d  those  with  low expec ted t r a f f i c  f lows-  
in  suburban a r e a s .  The no i s e  background v a r i a t i o n  was a l s o  prov ided  
by s e l e c t i n g  s i t e s  no t  only d i r e c t l y  a b u t t i n g  th e  ra i lw ay  t r a c k s  
b u t  a l s o  s h i e l d e d  by one or  more rows o f  hous ing .

I t  was a l s o  f e l t  a d v i s a b l e  to  va ry  the c l a s s  o f  t h e  ne ighbour ­
hood to  ach ieve  some v a r i e t y  in  th e  income l e v e l s  o f  th e  survey 
re sponden ts .  I t  was a l s o  thought  necessa ry  to  prov ide  a range o f  
t r a i n  movements p a s t  p a r t i c u l a r  s i t e s .

Final  s i t e  a ssessment  was performed by a s i t e  v i s i t  t o  
e l i m i n a t e  s i t e s  s u b je c t e d  to  temporary no is e  ( c o n s t r u c t i o n ,  road 
r e p a i r s )  and to  s e l e c t  a c t u a l  n o i s e  monito r ing  l o c a t i o n s  ( u s u a l l y  
t r e e s ,  t e l ep h o n e  o r  hydro p o l e s ) .  In a l l ,  some 19 s i t e s  were 
s e l e c t e d  in  t h i s  way. Adequate success  was ach ieved  in  random­
i z in g  th e  pa rameters  o f :  number o f  t r a i n  movements, d i s t a n c e  from 
t r a c k ,  no i s e  background to  t r a i n s  and type o f  neighbourhood d e s p i t e  
r e l a t i v e l y  low number o f  s i t e s  s e l e c t e d .

NOISE MONITORING & ANALYSIS

Noise m onito r in g  was performed a t  each o f  th e  19 s e l e c t e d  
s i t e s .  P o r t a b l e  b a t t e r y  ope ra ted  analog monitors  were u sed ,  t h e s e  
being c o n s t r u c t e d  o r i g i n a l l y  f o r  th e  London-Woodstock a t t i t u d i n a l  
survey ( 8 ) ,  r e c e n t l y  modif ied and r e b u i l t  by th e  Noise P o l l u t i o n  
Control S e c t io n .

The sound was d e t e c t e d  by a G.R. 1 inch ceramic microphone 
a m p l i f i ed  and passed unweighted to  a Uher 4200 Report S te reo  
t ap e  r e c o r d e r .  The sound sample was recorded on both c h a n n e l s ,  
one channel reco rd in g  low sound l e v e l s ,  the second high sound 
l e v e l s .  This t echn ique  was used to  extend th e  e f f e c t i v e  dynamic 
range of  th e  t ape  r e c o r d e r  to  some 70 dBA. C a l i b r a t i o n  was 
by means o f  a G.R. 1562 A sound leve l  c a l i b r a t o r  producing 114 
dB a t  1 KHz.

Each s i t e  was monitored a t  l e a s t  t w i c e , once with a t im e r  
u n i t  (which re c o rd s  f o r  10 seconds every 2 Js minutes )  and a 
t r i p  l ev e l  u n i t  (which re cords  a l l  sounds above a p r e s e t  l e v e l ) .
This  t e chn ique  ensured t h a t  a l l  sounds o c cu r r in g  on each s i t e  were 
re c o rd e d ,  th o se  r epea ted  very o f t e n  by the  t im e r  u n i t ,  and th o se  
o f  a t r a n s i e n t  n a t u r e  by the  t r i p  l e v e l  u n i t .

The tapes  were analyzed by p lay ing  back on a Uher 4200 
Report S te reo  tape  r e c o r d e r  and pass ing  in two channels  to  a 
Gating C i r c u i t  which put  the  high and low sound lev e l  r e c o rd in g s  
back in t o  a s i n g l e  o u tp u t .  A-weight ing was a l s o  performed by th e  
Gating C i r c u i t .  The s ig na l  from the  Gating C i r c u i t  was then 
passed to  a B & K 2305 leve l  r e c o r d e r  and analyzed i n t o  5 dB 
bands by a B & K 4420 s t a t i s t i c a l  d i s t r i b u t i o n  a n a l y z e r .  The 
a n a l y s i s  was analyzed f u r t h e r  on a Wang programable c a l c u l a t o r
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to  g iv e  the  cumulat ive  s t a t i s t i c a l  d i s t r i b u t i o n *  Le q and a.

Tapes from the t imer u n i t  were analyzed on a day,  evening  
and n ig ht  b a s i s .  Trip l e v e l  tapes  were t r e a te d  s l i g h t l y  
d i f f e r e n t l y .  F i r s t  the whole n o i s e  sample on the  tape (composed 
o f  a l l  ev e n t s  above the  p r e s e t  l e v e l )  was analyzed and secondly  
the  t r a i n  n o i s e  a lone was analyzed.  Accurate day,  evening and 
n ig h t  in format ion could not be recovered from the  t r i p  l e v e l  
tapes  as  s h o r t  durat ion  even ts  could on ly  be assumed to  be 
e q u a l l y  spread over tw en ty - four  hours.  In t h i s  report  l i t t l e  
emphasis w i l l  be g iven t o  d i f f e r e n c e s  between day,  evening and 
n ig h t  l e v e l s ,  and the t r a i n  n o i s e  r e s u l t s  cons idered  on a 24 
hour b a s i s  on ly .

A f te r  a n a l y s i s  the  r e s u l t s  fo r  each tape were drawn out  on 
s t a t i s t i c a l  d i s t r i b u t i o n  paper and parameters such as  L9 0 , L5 0 ,
L ] q ,  L i ,  Lq. 1 , L e q  ( t o t a l ) ,  L e q  ( t r a i n s  o n l y ) ,  L e q  ( t r a i n s  on ly  
spread over 24 hours)  and t r a i n  durat ion per 24 hours were 
d e r iv ed .

S u c c e s s f u l  monitoring and a n a l y s i s  o f  n o i s e  record in gs  was 
performed f o r  a t o t a l  o f  17 s i t e s .

4 .  SOCIOLOGICAL SURVEY

The s o c i o l o g i c a l  p ort io n  o f  t h i s  p r o j e c t  was based on a 
q u e s t i o n n a i r e  cons tr ucted  and p r e te s t e d  by Dr. Fred Hall and 
Dr. Martin Taylor o f  the  C iv i l  Engineering and Geography Depart ­
ments ,  McMaster U n i v e r s i t y .  The q u e s t i o n n a i r e  was examined 
c a r e f u l l y  by the  Noise  P o l l u t i o n  Control S e c t i o n  to  check on 
th e  a c o u s t i c a l  background and a l s o  by Dr. Cesare Ruscone,  l e c t u r e r  
in  s o c i a l  resea rch  techniques  a t  Seneca C o l l e g e .  A few minor  
a l t e r a t i o n s  were incorporated  as a r e s u l t  o f  t h i s  examinat ion.

The q u e s t i o n n a i r e  was broad based,  c o n ta in in g  q u e s t i o n s  
concerned wi th  o v e r a l l  neighbourhood ra t ing  as  we l l  as  s p e c i f i c  
n o i s e  source  q u e s t i o n s .  Quest ions were inc luded to  a s s e s s  a c t i v i t y  
and s l e e p  i n t e r f e r e n c e  and a l s o  annoyance as se ssment  o f  p a r t i c u l a r  
n o i s e  s o u r c e s .  I t  i s  the  l a t t e r  q ues t ion  which i s  o f  primary  
importance t o  t h i s  paper. The s tages  o f  q u e s t io n in g  r e l a t e d  to  
th e  as se ssm en t  o f  a n o i s e  source were as f o l l o w s :

(a)  What n o i s e s  are c l e a r l y  au d ib le  to  you in  t h i s  neighbourhood?
(b) How would you r a te  each o f  the n o i s e s  you 've  mentioned?

The respondent  was then handed a card with  the  f o l l o w i n g  i n t e n s i t y  
s c a l e :

1. Extremely agreeable
2. Considerably  agr eeable
3. Moderately agreeab le
4.  S l i g h t l y  agreeable
5. Neutral
6 . S l i g h t l y  d i s tu r b in g
7. Moderately d i s tu rb in g
8 . Considerably d is tu r b in g
9. Extremely d i s tu r b in g

Further q u e s t i o n s  e l i c i t e d  o ther  n o i s e  s o u r c e s ,  asked f o r  a



r a t i n g  in  a s i m i l a r  manner and a l s o  asked e x a c t l y  what was 
annoying about  t h e  no i s e  under c o n s i d e r a t i o n .  These f u r t h e r  
q u e s t i o n s  w i l l  not be cons id e red  in  t h e  paper .

In te rv iew in g  was performed wi th  approx imate ly  10 persons  
f o r  each o f  th e  17 s i t e s  s u c c e s s f u l l y  moni to red ,  making a t o t a l  
o f  approxima te ly  170 in t e r v i e w s .  In te rv iew in g  was a l s o  performed 
on weekends t o  ensure  t h a t  th e  survey was not  unduly b ia sed  t o ­
wards housewives,  men u s u a l l y  being a t  work dur ing  th e  week.

On a n a l y s i s  th e  1 to  9 i n t e n s i t y  s c a l e  judgements  o f  t r a i n  
n o i s e  were s p l i t  as f o l l o w s :

1 to  5 Not annoyed 

6 t o  9 Annoyed

The pe rcen ta ge  o f  people  annoyed by t r a i n s  was then c a l c u l a t e d  
f o r  each s i t e .  This t echn iq ue  was employed to  g ive  b e t t e r  c o r ­
r e l a t i o n s  wi th  measured no is e  l e v e l s  by t ak ing  a c o a r s e r  annoyed/  
not  annoyed s p l i t  r a t h e r  than th e  f i n e  1 to  9 judgement a c t u a l l y  
asked f o r .  The improvement in  th e  c o r r e l a t i o n  c o e f f i c i e n t s  
ob ta in ed  us ing t h i s  te chn ique  was s i g n i f i c a n t .

CORRELATION OF SOCIOLOGICAL RESULTS WITH NOISE DESCRIPTORS

The pe rcen tages  o f  people  annoyed by t r a i n  n o i s e  (de r ived  
accord ing t o  th e  prev ious  s e c t i o n  o f  t h i s  paper)  were c o r r e l a t e d  
wi th  the  s t a t i s t i c a l  parameters  ob ta in ed  from th e  taped n o i s e  
samples f o r  th e  17 s i t e s .  The c o r r e l a t i o n  was performed a t  t h e  
Computing Cent re  a t  McMaster U n i v e r s i t y ,  Hamilton us ing a Bio- 
Medical s t a t i s t i c a l  package developed o r i g i n a l l y  a t  the  Heal th 
Sc iences  Computing F a c i l i t y ,  UCLA, C a l i f o r n i a .  Typical c o r ­
r e l a t i o n  c o e f f i c i e n t s  were obta in ed  as fo l l ows :

S i g n i f i c a n c e  
Level

2 %

0 .1%

1%

0 .1%

1%

I t  can be seen from t h i s  t a b l e  t h a t  t h e  low leve l  L va lu es-Lgg ,
L50 and L-)0"do not  have s i g n i f i c a n t  c o r r e l a t i o n  wi th  the  p e rcen tag e  
o f  people annoyed by t r a i n s .  This i s  to  be expected as th e  t r a i n s  
w i l l  not  add in to  th e  cumula t ive  s t a t i s t i c a l  d i s t r i b u t i o n  a t  t h e s e  
l e v e l s .  However, i t  may be though t  t h a t  th e  h ig he r  th e  background 
n o is e  l e v e l s  then th e  lower th e  annoyance due t o  t r a i n s .  This 
appears  not  to  be th e  case  as no s i g n i f i c a n t  nega t ive  c o r r e l a t i o n  
was ob ta ined between t h e  lower leve l  s t a t i s t i c a l  Darameters and

Noise Level 
D esc r ip to r

C o r r e l a t i o n
C o e f f i c i e n t

eq

log

90
(0 . 2 1 )

50
(0 .15)

10
(0 .16)

1 0.57

0.1
0.72

ea ( t o t a l  ) 0 . 6 8

( t r a i n s  on ly , normal ised
to  24 hrs) 0.72

T (T=audible t r a i n  d u r a t io n
24 hours) 0.69
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the  percen t  of  people annoyed.

Continuing towards the higher  s t a t i s t i c a l  parameters ,  Lq . 1 
shows very high c o r r e l a t i o n ,  s i g n i f i c a n t  a t  the 0.1% l e v e l .  The 
t o t a l  Leq on the s i t e  ( fo r  a l l  noise)  c o r r e l a t e s  well with t r a i n  
noise  annoyance but the Leq fo r  t r a i n  noise  alone normalized over  
24 hours i s  s l i g h t l y  (but not  s i g n i f i c a n t l y )  higher .  The logar i thm 
o f  the f r a c t i o n a l  t r a i n  noise  dura t ion  also  c o r r e l a t e s  well with 
t r a i n  noise  annoyance.

To f u r t h e r  in v e s t i g a te  the s i t u a t i o n  a multi  pi el in e a r  r e ­
g ress ion  an a ly s i s  was performed using Lq j  and log J _  as independant  
v a r i a b l e s .  * 24

The reg ress ion  l i n e  obtained had the equat ion

Percentage annoyed = - 49 + 1.7 j \ -Q  ] + 10 log
24 (1)

with a corresponding c o r r e l a t i o n  c o e f f i c i e n t  o f  0.78 and a 
s tandard e r r o r  of es t imate  of 17%. This reg ress ion  l i n e  with 
the  data poin ts  i s  shown p lo t ted  in Figure 1 toge the r  with the 
plus and minus one s tandard e r ro r  of es t imate  l i n e s .  I t  i s  
i n t e r e s t i n g  to see t h a t  the 10 log I _  term in  equation 1 i s  an 
energy type l e v e l / t im e  t r ade  o f f  r e l a t i o n sh ip  thus supporting 
the  a p p l i c a b i l i t y  of  Leq fo r  t r a i n  noise assessment.  Schul tz  (7) 
suggests  a very s im i la r  r a t i n g  scale  of Lpeak + 10 log

For completeness a s in g le  regress ion  ana lys i s  was performed 
with the t r a i n  noise Len normalized to a 24 hour dura t ion  as 
indépendant v a r i ab le .  The regression  l i n e  obtained had the 
equat ion-

Percentage annoyed = -22 + 1.5 Leq (2)

the c o r r e l a t i o n  c o e f f i c i e n t  being again 0.72 and the s tandard 
e r r o r  of  es t ima te  18%. This regression l i n e  i s  a lso  shown along 
with the data poin ts  and plus and minus one s tandard e r r o r  of  
es t im a te  .lines in Figure 2. As the c o r re l a t i o n  c o e f f i c i e n t s  of  
Leq and j lo . i  + 10 log are  not s i g n i f i c a n t l y  d i f f e r e n t  then
e i t h e r  r a t i n g  sca le  could be considered to  be equal ly  as appropr ia te  
f o r  the assessment of  t r a i n  noise annoyance.

6. CONCLUSIONS

The percentage of  people annoyed by t r a i n s  (obtained from 
a soc io log ica l  survey) was c o r re la t e d  a g a ins t  var ious s t a t i s t i c a l  
parameters of  noise  (obtained by noise monitoring and a n a ly s i s )  
f o r  17 s i t e s .  Approximately ten people were interviewed per  s i t e  
and noise  recordings were made to capture  shor t  du rat ion  i n t e r ­
m i t t e n t  and continuous events.

The bes t  c o r r e l a t o r s  with t r a i n  noise annoyance were Lo.l»
Leq fo r  t r a i n s  only normalized to 24 hours and log T Were T i s  
the aud ib le  t r a i n  dura t ion  in hours per 24 hours.  A mul t ip le  
r eg re s s ion  ana ly s is  was formed using Lq j  and log as independant 
v a r i a b l e s  and the fol lowing regress ion i i n e  obtained:

Percentage annoyed = - 49 + 1.7 jL^-j+ 10 log (±17) (1)



The term 10 log ^ in d ica te s  the a p p l i c a b i l i t y  of an energy 
type t ime/ level  t r ad e  o f f  r e l a t i o n s h i p  fo r  t r a i n  no ise .  The 
c o r r e l a t i o n  c o e f f i c i e n t  obtained was 0.78 ,  which i s  higher  than 
t h a t  obtained fo r  the t r a i n  Leqs but not  s i g n i f i c a n t l y  d i f f e r e n t  
The regression  l i n e  fo r  the t r a i n  noise  Leq s (normalized over  
24 hours) is  as fol lows:

Percentage annoyed = - 22 + 1.5 Leq (±18) (2)

E i th e r  r a t i n g  s c a le  i s  considered equal ly  app l icab le  f o r  the 
assessment  of  t r a i n  noise  annoyance.

The lower level  s t a t i s t i c a l  parameters Lgo, I 5 0 »  M o  w e r e  
found not to  be s i g n i f i c a n t l y  c o r r e l a t e d  with t r a i n  noise  annoyance 
At f i r s t  s i g h t  t h i s  i s  an expected conclusion as the  t r a i n  noise  
i s  a shor t  dura t ion  event .  However, as no s i g n i f i c a n t  nega t ive  
c o r r e l a t i o n  was obtained i t  would appear  t h a t  the background noise  
l ev e l s  do not s i g n i f i c a n t l y  a f f e c t  the assessment of  t r a i n  noise  
annoyance.
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DEVELOPMENT OF A MODEL FOR PREDICTING 
TRAIN PASS-BY NOISE PROFILES

J.  R. Hemingway

Noise Pol lu t ion Control Section 
Pollut ion Control Branch 

Ministry of the Environment 
Ontario

1. INTRODUCTION

Transpor ta t ion  represen ts  the most s i g n i f i c a n t  community 
noise  producer today. The th ree  t r a n sp o r t a t i o n  sources - t r a f f i c ,  
a i r c r a f t  and t r a i n s  - place considerable  areas  of  land in a 
d e t e r i o r a t e d  noise environment and hence n e c e s s i t a t e  careful  
land use assessment to avoid i n e f f i c i e n t  or  unsu i tab le  develop­
ment. In the major c i t i e s  of  Canada land is  of ten  a t  a premium, 
making e f f i c i e n t  land use even more necessary.

Considerable e f f o r t  has been brought to bear  on p red ic t ion  
methods fo r  a i r c r a f t  and t r a f f i c  noise.  For a i r c r a f t  noise in 
p a r t i c u l a r ,  so p h i s t i c a te d  and d e ta i l e d  pred ic t ion  methods e x i s t  
(1) .  T ra f f i c  noise models have a lso  been derived and are  in 
general  use ( 2 ,3 ,4 ) .  Although some work has been performed in 
the  area of  t r a i n  noise p red ic t ion  (5 ,6 ,7 )  i t  i s  not as cons iderable  
as t h a t  fo r  a i r c r a f t  or t r a f f i c .

The work which has been done is  a lso  made l e s s  app l i cab le  in 
Canada by several  f a c t o r s .  Many models p r ed ic t  only the wheel- 
r a i l  noise and have no p red ic t ion  fo r  locomotives.  Many are 
concerned mainly with welded t rack and give widely varying 
c o r re c t io n s  f o r  the jo in ted  r a i l  in use in Canada and very few 
are concerned with p red ic t ion  of the e n t i r e  pass-by p r o f i l e  of 
the t r a i n .

Der ivat ion of  the complete pass-by is  necessary f o r  two 
reasons .  F i r s t ,  noise control  measures such as se t -back ,  berms 
and double-glazing give d i f f e r e n t  a t t enua t ions  fo r  the locomotive 
and wheel - ra i l  noise because of  d i f f e r i n g  source type,  height  and 
spe c t ra l  content .  To accu ra te ly  p red ic t  the use fulness  of  noise 
control  measures,  the locomotive and wheel- ra i l  s igna tu res  must 
be pr ed ic ted  separa te ly .  Secondly, fo r  shor t  t r a i n s  (such as 
s e l f  propel l ed  passenger t r a i n s  or t u r b o - t r a i n s )  the r i s e  and 
decay of  the noise p r o f i l e  as the t r a i n  approaches and recedes 
can add s i g n i f i c a n t l y  to the t o t a l  noise exposure of  the pass-  
by.

To f u l f i l l  these needs a semi-empirical  t r a i n  noise pass-  
by p r o f i l e  model was developed. The locomotive and wheel - ra i l  
noises  were f i r s t  considered t h e o r e t i c a l l y  as point  and l i n e  
sources r e sp e c t iv e ly .  P ra c t i ca l  measurements in the f i e l d  
suppl ied  the necessary level  information of  locomotive and 
w hee l - ra i l  noise fo r  i n se r t i o n  in to the t h e o r e t i c a l  model.
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2. THEORY

The model of  a passing t r a i n  was taken to  be as shown in 
Fig.  1. The observer  t r ack  d i s tance  was taken as d. The t r a i n  
head - taken as being the locomotime, or  f i r s t  locomotive i f  
severa l  - passes the observer  a t  time t=0 with v e lo c i ty  V. The 
locomotives are  considered po in t  sources located a t  the  mid 
point  of  each and hence separa ted by one locomotive l eng th .
The r e s t  of  the t r a i n ,  the whee l - ra i l  no ise ,  i s  cons idered-as  
a l i n e  source of  l e n g t h s .  Before the theory can be developed,  
c ons ide ra t ion  must be given to the d i r e c t io n a l  c h a r a c t e r i s t i c s  
of  these  sources .  Peters  (8) considered t h i s  problem and found 
the assumption of d ipole  r a d i a t i o n  gave the bes t  p r e d ic t io n  
of  the r i s e  and decay por t ions  of  the pass-by p r o f i l e .  Dipole 
r a d i a t i o n  was assumed for  both the locomotive and w hee l - ra i l  
noise .

2.1 Locomotive Noise

The sound pres sure ,  P|_ ( t )  due to a locomotive o f  sound
power Wl a t  the observer  i s  given by

? 2 ( t )  = — —  . c o y 9 
L V ' 2 tf

where pc = the c h a r a c t e r i s t i c  acous t ic  impedance of  a i r  
y i s  the locomotive observer  d i s t ance  
and e i s  as shown in Fig. 2.

n
The term cos 9 descr ibes  the d i r e c t i v i t y  p a t t e rn  of  the r a d i a t i o n  
as descr ibed by Meakawa (9) for  a d ipole source.  I t  was found 
from the  p r a c t i ç a l  measurements descr ibed in se c t ion  3 of  t h i s  
paper t h a t  n=l gave the bes t  agreement with measured pass-by 
p r o f i l e s  giving

PL ( t)  =

( t )

wL pc cose
2-rf

(1)

wL P
2 ' f t {d2+ (v t ) 2}2

(2 )

Prac t ic a l  measurements were taken of  t r a i n  pass-bys a t  a d i s tance  
of 50 f e e t  to give the maximum locomotive sound pressure  P|_. For 
these measurements

Pl

Thus

= WL P(
2'rt 50"

5H
(1 + S rT î

(4)

(5)
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Or,  f i n a l l y  c o n v e r t i n g  to  dBA l e v e l s .

L|_ ( t )  = Ll + 20 l o g  10 —  15 l og- |Q {1 + ( f i  } ( 6 j

Where Li ( t )  i s  t he  dBA l e v e l  due t o  the  l ocomot ive  a t  t ime t  and 
Ll i s  t n e  maximum dBA l e v e l  measured a t  a d i s t a n c e  o f  50 f e e t .

2 . 2  Wheel -Rai l  Noise

The w h e e l - r a i l  n o i s e  i s  c o n s id e re d  t o  be a l i n e  s o u r c e  as  
shown in  F ig .  3. The sound power a t  t he  o b s e r v e r  due t o  a smal l  
e l emen t  dx o f  t h e  t r a i n  i s  i n t e g r a t e d  over  t h e  l e n g t h  o f  t h e  t r a i n  
(£)  t o  g iv e  t he  t o t a l  sound p r e s s u r e  Pw ( t ) .  The w h e e l - r a i l  n o i s e  
i s  assumed t o  have sound power Ww pe r  u n i t  l e n g t h ,  Pw ( t )  be ing  
g iven  by:

?l ( t )  = - dx (7)oJ 2 1T y 2

Again the c o s n 0 term d e s c r i b e s  the d i r e c t i v i t y  pa t t ern  o f  the  
r a d i a t i o n .  For the  w h e e l - r a i l  n o i s e ,  p r a c t i c a l  measurements  
(d e sc r ib e d  in s e c t i o n  3) i n d ic a te d  th a t  n=l a l s o  g i v e s  the  b es t  
agreement with p ass -b y  p r o f i l e s  g iv in g

Pw (t)  -  J  myl 9 dx <8> 

or P„ (t)  = t    —3- • 4 .»  (9)
W 2 I  . 2  ,  \  x '

d̂ + (vt-A+x) *~2

which when in t e g r a t e d  g i v e s

p„ (t) = MW pc • _L r  Vt________ - v t - l ____ ~] (10)
2 *  d | ( d 2 + ( v t ) 2 )*4 (d2 + ( v t - * ) 2)15,

P r a c t i c a l  measurements o f  t r a i n  pass -by taken a t  a d i s t a n c e  o f  
50 f e e t  to  g i v e  the  average  w h e e l - r a i l  sound pres sure  Pw. For 
t h e s e  measurements

v t  = V 2 , d= 50 f t .  and a« d g iv in g

p 2 _ Ww pc  . 1 . 2  
W " M

( 1 1 )

Thus

pW ( t )  - - 4 r PW •
50 v t v t -  t (12)

f d 2+ ( v t ) 2^ (dz + ( v t - £ ) 2^
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Inherent in equation 13 is the decrease in sound level with distance 
perpendicular to the track. When d a than the final term is negligible 
and the sound level decreases 3 dB per doubling of distance. There 
then follows a transition region after which the two terms together 
produce a sound level decrease of 6 dB per doubling distance.

3. PRACTICAL MEASUREMENTS

3.1 Instrumentation

Sound from the train pass-by was detected by a B & K 2209 
Impulse Precision Sound Level Meter fitted with a \ inch Condenser

Microphone. Amplified signals were fed to a Nagra Tape Recorder 
and recorded at 3 3/4 i.p.s. Recordings were made unweighted i.e. 
on "Linear" if wind conditions permitted or with "A" weighting 
if not.

The recorded signals were played back through the B & K 2209 
and 'A' weighted if recorded unweighted. Unaveraged signals from 
the 2209 were passed to a B & K 2305 Level Recorder where the pass- 
by profiles were drawn out on paper tape. Averaging was performed 
by the Level Recorder with the equivalent of "Fast" set.

Train speeds were measured with a digital reading radar unit.

3.2 Measurement Details

Measurements were made at four locations in the Toronto area 
at a distance of 50 feet from new and old track operated by both 
Canadian National Railways and Canadian Pacific Railways. Pass- 
bys of some 40 trains (passenger, GO, turbo and freight trains) 
were recorded over a range of speeds from 10 to 70 miles per hour.
As well as a sound recording and speed assessment for each pass- 
by other information such as type of train, type of locomotive and 
number of cars was noted.

4. MEASUREMENT RESULTS

From the paper trace of each train pass-by the maximum locomotive 
level and the average wheel-rail level was obtained. As the method 
of handling these two types of level was different they will be 
considered separately.

4.1 Locomotive Levels

The levels from each locomotive pass-by were plotted against 
speed as shown in Fig. 4. It was realized that a lower limit 
existed for the locomotive levels at low speed. Fortunately 
several of the GO train pass-bys included idling locomotives at 
the rear of the train. From the level of these locomotives and 
the plotted levels it was concluded that below 20 m.p.h. this 
lower limit level is in force. A linear regression analysis was 
then performed of level against the logarithm of speed for all 
constant speed locomotives travelling at more than 20 m.p.h.
A correlation coefficient of 0.82 was obtained with a standard

or,finally converting to dBA levels 24

Lw (t) = Lw + 10 log 50 + 10 log f vt - vt-l
d ioRd2+ (vt)2^  (d2+ (vt ~^)2h



As i t  was f e l t  t h a t  th e  locomotive  l ev e l  was a l s o  a f u n c t i o n  
o f  t h e  lo ad in g  o f  t h e  locomotive ,  the  e r r o r s  between each locomotive  
l eve l  and th e  r e g r e s s i o n  l i n e  were p l o t t e d  a g a i n s t  t h e  number of  
c a r s  pe r  locomot ive  in th e  t r a i n  as shown in Fig.  5. A r e g r e s s i o n  
a n a l y s i s  was performed on th e se  r e s u l t s ,  a c o r r e l a t i o n  c o e f f i c i e n t  
o f  0 .59 ( s i g n i f i c a n t  a t  t h e  1% l e v e l )  and a s tanda rd  d e v i a t i o n  
o f  2 .6  dBA was o b ta in e d .  The r e g r e s s i o n  l i n e  p lus  and minus one 
s t anda rd  d e v i a t i o n  i s  shown in Fig .  5. At zero load ing  the* 
r e g r e s s i o n  l i n e  gave a c o r r e c t i o n  of  -3 dBA. The r e g r e s s i o n  l i n e  
o f  locomot ive  l eve l  a g a i n s t  speed was lowered by 3 dBA to  give  
an unloaded r e g r e s s i o n  l i n e .  This  i s  shown with  p lus  and minus 
one s t an d a rd  d e v i a t i o n  on Fig .  4.  The r e s u l t s  of  t h e  locomotive  
leve l  a n a l y s i s  can be summarized as fo l l ows :

f o r  i d l i n g ,  c o a s t in g  o r  d e c e l e r a t i n g  locomotives

Ll =83.6(± 2 .4 )  dBA (14)

25

for  constant speed locomotives a t  l e s s  than 20 rn.p.h.

LL =83.6 (±2.4) + 0 .15 N (± 2 .6)  (15)

where N i s  th e  number o f  c a r s  per  locomotive

f o r  c o n s t a n t  speed locomotives  a t  g r e a t e r  than 20 m.p.h .

Ll =94 .8+23.Slog ^  (±2.4 )  + 0.15N (±2.6) (16)

Also p l o t t e d  on Fig.  4 a r e  some po in t s  f o r  a c c e l e r a t i n g  o r  up-grade 
locomotives .  I t  vas judged t h a t  3 dBA should be added to  the  above 
l e v e l s  f o r  locomotives  which a re  e i t h e r  a c c e l e r a t i n g  o r  going up­
grade .

Fig .  6 shows a comparison o f  equat ion  (15) and (16) wi th  data  
from an o th e r  source  (10) .  In th e  cases  where locomotives  from 
r e f .  (10) were loaded ,  a load ing  c o r r e c t i o n  was a p p l i e d .  F a i r  
agreement i s  shown.

2 Wheel Rail Levels

Ana lys i s  o f  th e  wheel r a i l  l e v e l s  was more s t r a i g h t  forward 
t h a t  th e  locomotive l e v e l s ,  a s i n g l e  r e g r e s s i o n  a n a l y s i s  was p re ­
formed o f  le ve l  a g a i n s t  th e  loga r i th m o f  t h e  speed.  A c o r r e l a t i o n  
c o e f f i c i e n t  o f  0 .82 was ob ta in ed  with a s tanda rd  d e v i a t i o n  o f  
3.5 dBA. The in d iv id u a l  p o in t s  a long wi th  the  r e g r e s s i o n  l i n e  
and th e  p lus  and minus one s t anda rd  (devia t ion l i n e s  a re  shown in  
Fig .  7. The r e s u l t s  f o r  the  wheel r a i l  r ioise i s  as  fo l l ows :

Lw =87.8+25.7log 1 0 | ^  (±3-5) dBA (17)

Fig .  8 shows a comparison o f  equat io n  (17) wi th  da ta  from o th e r  
sou rces  ( 5 , 6 , 1 1 , 1 2 ) .  Again r easonab le  agreement i s  o b ta in e d .

3 P r e d i c t i o n  o f  th e  number of  locomotive  pe r  t r a i n

As i t  i s  not  always known how many locomotives  w i l l  be p u l l i n g  
a c e r t a i n  t r a i n  some method o f  p r e d i c t i n g  t h i s  i s  r e q u i r e d .  Fig.  9 
shows a p l o t  o f  th e  number o f  locomotives  p u l l i n g  a t r a i n  a g a i n s t  
th e  t o t a l  number o f  c a r s .  From th e se  r e s u l t s  i t  was though t  t h a t  
th e  approximat ion shown on Fig .  9 gave a r ea sonab le  p r e d i c t i o n  o f  
th e  number o f  lo com ot ives ,  as fo l l ows :
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0 to 35 cars
35 to  70 cars
70 to  105 cars

105 to 140 cars

1 locomotive
2 locomotives
3 locomotives
4 locomotives

e t c .

5. CONCLUSIONS

A semi-empirical t r a i n  pass-by noise p r o f i l e  model has been 
developed which is  able to p r e d i c t  locomotive l e v e l s ,  wheel r a i l  
l e v e l s ,  level  r i s e  and f a l l  as the t r a i n  approaches and recedes 
and level  decrease with d i s tan c e .  I t  i s  f e l t  t h a t  the level  
decrease with d i s tan c e  as pred ic ted  could be a weak po in t  in the

method as p r a c t i c a l  measurements were only taken a t  a s in g le  
d i s tance  r e l a t i v e  to the t r ack .  I t  has been noted (5) t h a t  
d ivergenc ies  can occur from the c l a s s i c a l  3 dB and 6 dB per 
double d i s t a n c e  decrements.  This i s  probably due more to  varying 
ground cover r a t h e r  than model e r r o r s  but i s  a problem which 
req u i re s  f u r t h e r  i n v e s t ig a t io n .
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Supplementary Notes to the Paper "Development of a Model 
For Predict ing  Train Pass-by Noise P rof i les"

Since the presenta t ion of the above paper to the CAA Symposium 

in October 1975, I have performed fu r th e r  work on the model 

in two main areas .  These are:

a) S im pl i f ica t ion  of  the model to allow simple predic t ion  

of  noise climate  on re s iden t ia l  subdivisions due to 

many t r a i n  pass-bys.

b) In teg ra t ion  of the locomotive pass-by s igna ture  to give 

an Leq value fo r  thetime period of  the pass-by.

The r e s u l t in g  method of predic t ion  which has evolved from the 

basic  model and the  work described above is  as follows:

Information Required:

Speed of  t r a i n s , V (rnph)

No» of t ra ins*  N. in the time period of i n t e r e s t  H (hours)

No. of cars per train^n

Distance from the t rack c e n t r e l i n e ^ d ( f t . )

Estimation of  the Number of  locomotives per t r a i n  (e)

fo - r  Q < m» < ‘hS £ e -  1

3>6 7o 1 e -  SL

7o <  Ids J e -  3

|o 5  <  n i « '■ 4

Locomotive Maximum Level a t 50 f t . y-Z.,50J

f  o-c V < 510
i . 1 * o  ‘  +  0 1 5  e  W a )

f o - r  v >  2 0  ^

Li'to * "*■ £>‘15 c

Locomotive Maximum Level a t  d f t .

^k,d. * ^Lfio + (<*>8 A)

Locomotive LPq a t  d f t .

L * q . l  *  +  , d  ^ 6a)



(Leq ,  L turns out to be higher  than expected as the time of  

the pass-by wi l l  be taken as the time for which the locomotive 

i s  in front  of  the observer. 55 f t .  i s  a r e p re s e n ta t i v e  

lengfckfor a locomotive.
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Locomotive Time (T^)

r L  ‘  ( » * * * > )

Wheel/Rail Level a t  50 f t . (L ,50)

£W(So“ *7-8 + A5-7 (<*6A)

Wheel/Rail LPq at  d f t . w)

^ Q iW “ i-W s5o + |Q  ^ 5  “X "  ^  -V 4-(^ry^J

(the f ina l  term w il l  be negl igable  i f  d<% * 57n)

Wheel/Rail Time (T^)

f w  = -n. N . y . o ^

(57 f t .  i s  a r e p r e s e n t a t i v e  length of each car)

Total  Leg over  time per iod H hours

i r  o - i  LgQ I o - i jL ^Q  ^

l.Fn « io —  \ io ' . f  + to ' . f
J  H 3 i O o  ^ A. ^

7H
J .  R. Hemingway, P. Eng.
Senior P ro je c t  Engineer,
Abatement and Assessment Unit,
Noise P o l lu t ion  Control Sect ion 
Minis t ry  of the Environment
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An In v es t ig a t io n  of  Rai lroad Car Retarder  Squeal

M.G. Faulkner and A. Mioduchowski 
Associate  Professors  

Dept, o f  Mechanical Engineering 
Universi ty  of  Alberta 

Edmonton, Alber ta .  T6G 2G8

1. In troduct ion

While the use o f  humpyards f o r  the c l a s s i f i c a t i o n  of  r a i l ro a d  cars 
has been very e f f e c t i v e  in increasing  the volume of  cars handled in a yard,  
one unpleasant  by-product  o f  t h i s  system is the squeal which is of ten generated 
by the r e t a r d e r  systems. As the cars ro l l  down an i n c l in e  ( the "hump") they 
are  slowed by means of  a r e t a r d e r  system which usua l ly  is  two braking mechanisms. 
These clamp onto the wheels of the car  as i t  pas ses .  The i n i t i a l  r e t a rd e r ,  
ca l l ed  the mas ter ,  begins to slow the cars while the second is one of  the 
group r e t a r d e r s .  Figure 1 shows th ree o f  the group r e t a rd e r s  as well as the 
c l a s s i f i c a t i o n  t racks a t  the CNR Calder Yard in Edmonton. For c e r t a in  cars 
(usual ly  the heavier  ones) the r e t a r d e r  brake ac t ing  on the ca r  wheels causes 
a high pitched squeal to be generated.  The r e t a rd e r s  must d i s s i p a t e  energy 
a t  ra te s  of up to 400 kW (>500 HP) and even i f  a r e l a t i v e l y  small amount is 
converted to acous t ic  power high sound pressure  l ev e l s  can r e s u l t .

Levels of  approximately 120dB have been recorded a t  di s tances  of  
100 f e e t  from the r e t a r d e r .  Since most of the acous t ic  energy i s  in the 
2000-4000 Hz range the squeal tends to be very annoying. Because of  the 
r e l a t i v e l y  high frequency of  the squeal the use of b a r r i e r s  to control  the 
noise  seems an obvious answer. While b a r r i e r s  as low as s ix  f e e t  in he ight  
have been shown to be e f f e c t i v e  the p ra c t i c a l  l i m i t  to the i n se r t i o n  loss  
i s  about 25 dB. However, th i s  i s  not s u f f i c i e n t  as areas surrounding the 
r e ta rde r s  can s t i l l  be severely impacted by the squeal s .  For t h i s  reason 
a l t e r n a t e  techniques which would reduce the noise  f u r t h e r  have and are being 
sought .

2. Noise Generation Mechanisms

In order  to consider  the poss ib le  methods f o r  reducing the noise 
the mechanism which causes the squeal should be understood.  While the de­
t a i l e d  mechanism f o r  the r e t a r d e r  - wheel system is  not  known i t  is  bel ieved 
to be s t i c k - s l i p  v ib ra t io n  or  f r i c t i o n  induced v ib ra t io n  such as th a t  s tud ied  
f o r  example by Brockley, Cameron, and P o t t e r  [1] and Remington, Rudd and 
Ver [2] .

The screech noise  is  exci ted  by f r i c t i o n  forces  t h a t  ac t  between 
the r e t a r d e r  shoes and the car  wheels.  When these two surfaces  have r e l a t i v e  
s l i d i n g  motion, i n t e r m i t t e n t  v ib ra t ion  which can be a t t r i b u t e d  to the v a r i ­
a t ion of  the f r i c t i o n  forces  is  observed. For dry f r i c t i o n  the motion i s  a 
s e l f - e x c i t e d  phenomenon. This occurs because the s t a t i c  c o e f f i c i e n t  of  
f r i c t i o n  is  l a r g e r  than k in e t i c  c o e f f i c i e n t .  While the k in e t i c  c o e f f i c i e n t  
is a funct ion o f  time or  the r e l a t i v e  ve loc i ty  between the two surfaces  i t
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must in f a c t  be lower than the s t a t i c  value i f  s t i c k - s l i p  v ib ra t ions  are 
to occur.  Once e s t a b l i sh in g  the v e loc i ty  and time dependence of  f r i c t i o n ,  
i t  i s  poss ib le  to obtain an ana ly t ica l  so lu t ion  to the c r i t i c a l  v e loc i ty  which 
wi l l  cause t h i s  s t i c k - s l i p  o s c i l l a t i o n .

The ana lys is  al so  shows t h a t  increasing the damping of  the system 
or  a l t e r i n g  the f r i c t i o n - v e l o c i t y  c h a r a c t e r i s t i c  can reduce or  el iminate 
the s t i c k - s l i p  ac t io n .

The above ana lys is  would account only f o r  radial  type o s c i l l a ­
t ions  of  the car  wheel,  however, because of  the complex shape o f  the car  
wheel the t r ansve r se  modes are al so exc i ted .  I t  i s  these t r ansve rse  modes 
which are  held pr imari ly  respons ib le  f o r  the generat ion o f  the acoust ic  
waves which propagates as the  screech.

3. Methods of  Control l ing the Noise

The techniques used to control  or  e l imina te  the r e t a rd e r  shoe 
squeal include path- type  con t ro ls  such as b a r r i e r s ,  which have been men­
t ioned above, as well as modificat ion o f  the source elements.

One of  the e a s i e s t  and quickes t  techniques to e l imina te  the 
screech was the use of  various lu b r ic an t s  between the wheel and r e t a rd e r  
shoe. These lu b r ic an t s  had the e f f e c t  of  reducing the d i f fe rences  between 
the s t a t i c  and k in e t i c  c o e f f i c i e n t s  of  f r i c t i o n  and proved qu i te  e f f ec t iv e  
in the e l iminat ion  of  the squeal .  They did ,  however, reduce the e f f e c t i v e ­
ness o f  the r e t a rd e r s  and in many cases caused cars to " s l i p  through" which 
could lead to d isa s te rous  consequences.

Another method of  modifying the f r i c t i o n  forces between the wheel 
and r e t a r d e r  shoe is  to modify the metals in con tac t .  The f i r s t  metal 
used fo r  the r e t a r d e r  shoes in place of  s te e l  was ASTM 60 d u c t i l e  i ron.
While the incidence of  squeal was reduced using the d u c t i l e  i ron the sound 
in t e n s i t y  was s im i l a r  once the squeal began. As well these shoes wore a t  
approximately four  times the ra t e  of  s t e e l  shoes.  Other types of  shoes 
fo r  example those containing nodules of  graphi te  a re  being t e s te d .  These 
type of  shoes have shown improvements as f a r  as reducing the squeals ,  however, 
the l i f e  o f  these  shoes i s  considerably less  than those of  the usual carbon 
s te e l  ones.

As mentioned above the addi t ion of  damping to the s t i c k - s l i p  
system could t h e o r e t i c a l l y  el iminate  the s t i c k - s l i p  ac t ion .  For th is  
reason damping of  both the r e t a rd e r  beams and the car  wheels has been a t ­
tempted. The r e t a r d e r  beams were damped by adding sand bags and loose 
sand to the top of  the r e t a r d e r  beam. This produced no not iceab le  change 
in screech l e v e l .  The car  wheels have been damped by at taching  a sheet  of 
v i s c o e l a s t i c  damping material  to the wheels as well as by applying wooden 
damping shoes which were pressed aga ins t  the wheels during the time in 
which the wheel is  being braked.  The wooden damping shoes had no e f f e c t  
whatever on the wheel screech while the v i s c o e l a s t i c  damping did have some 
p o s i t iv e  e f f e c t .  While the addit ion o f  th is  damping material  may be e f ­
f e c t iv e  the idea of  i n s t a l l i n g  i t  on the thousands of  r a i l ro a d  cars in 
North America makes i t  an unworkable so lu t io n .
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More complicated techniques have also been t r i e d .  These include 
modulating the pressure appl ied to the r e t a rd e r  shoes so t h a t  the screech 
does not "build-up" and the modif icat ion of the r e t a r d e r  beam to a l t e r  i t s  
m ass - s t i f fness  c h a r a c t e r i s t i c .  Nei ther  o f  these ideas has shown much promise.

4. Current Inves t iga t ion

One o f  the humpyards with squeal problems i s  the CN Calder Yards 
in Edmonton. This f a c i l i t y  has an enclosure b u i l t  over  the master r e t a rd e r  
to control the no ise ,  however, the four  group r e t a rd e r s  have only p a r t i a l  
b a r r i e r s  to reduce the t ransmission of  the high frequency squeal from the 
r e t a r d e r - c a r  wheel i n t e r a c t i o n  (see Figure 1) .  In consider ing poss ib le  
so lu t ions to  the squeal prel iminary in v e s t ig a t io n s  of  the nature  of  the 
noise  and v ib r a t io n  from th i s  f a c i l i t y  were undertaken.  The v ib ra t ion  of 
the r e t a r d e r  beam as well as the squeal produced were monitored s imultaneously.  
A closeup o f  the r e t a r d e r  beam i s  shown in Figure 2 while the system used 
to monitor the noise  and v ib ra t ion  is  shown in Figure 3.

The recordings were taken on May 13, 1976 while a group of  ten 
cars were humped 5 consecut ive t imes.  These cars were a l l  r e l a t i v e l y  heavy 
and a l l  of  them squealed excess ive ly .

Recordings were taken for  v ib ra t ion  in the longi tud ina l  d i r ec t io n  
( i . e .  p a ra l l e l  to  the t rack)  and in the v e r t i c a l  d i r e c t i o n .  Recordings 
were also taken in the hor izontal  but perpendicu la r  to the t r a c k .  As well 
the natural  v ib ra t ions  which occurred when the t r ack  was impacted in the 
longi tudinal  d i r e c t i o n  were also recorded.

The recordings were l a t e r  analyzed on a Hewlett  Packard 3721A 
Corre la to r  and displayed on a 3720A Spectrum d isp lay  and f i n a l l y  p lo t ted  
on a Hewlett Packard 7044A X-Y P l o t t e r .

Examples of  the spectrum ana lys is  are  shown in Figure 4 where 
the r e s u l t s  fo r  3 d i f f e r e n t  cars during the f i r s t  hump are shown. These 
r e s u l t s  as well as s im i l a r  ones fo r  o the r  cars and o ther  hump numbers show 
a very s t rong c o r r e l a t i o n  between the v ib ra t ions  o f  the r e t a r d e r  (measured 
in the longi tud inal  and v e r t i c a l  d i r ec t io n s )  and the noise  produced. They 
also ind ica te  t h a t  in most cases a la rge  amount of  the energy l i e s  in the 
2600-2800 Hz frequency range and not in a wide band of  f requenc ies .  Coupled 
with the f a c t  t h a t  one of  the natural  modes of  v ib r a t io n  ( in  the long i tud inal  
d i r ec t ion )  i s  in the 3000 Hz range leads one to  be l ieve  t h a t  the most c r i t i c a l  
frequency range is  t i e  2600-2800 Hz band. While the  magnitudes of  the v ib r a ­
t ion  both above and below th i s  range were sometimes su b s tan t i a l  the 2600- 
2800 Hz band was most of ten  the major c o n t r ibu to r  to the overal l  acous t ic  
energy .
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5. Poss ible So lutions

While the in v es t ig a t io n  to date has not  uncovered a l l  apsects  of  
the noise generat ion mechanism the r e s u l t s  obtained poin t  to some poss ib le  
techniques fo r  c o n t ro l l in g  the noise .

There are many reasons to be l ieve  tha t  the wheel and not  the r e ­
t a r d e r  beam is  the primary resonant  system and the re fo re  responsib le  fo r  
the major i ty  o f  the noise crea ted .  For t h i s  reason noise control  measures 
which reduce wheel v ib ra t ion  would appear to be most success fu l .  However, 
the t r e a t i n g  o f  a l l  r a i l r o a d  car  wheels appears to be economically u n a t t r a c ­
t i v e  and one is  the re fo re  led to cons ider  the r e t a r d e r .  The f a c t  t h a t  
there  i s  a s t rong c o r re la t io n  between the v ib ra t ion  of  the r e t a rd e r  arid the 
noise  generated leads to the conclusion t h a t  there  i s  a s trong coupling 
between the  wheel and the r e t a r d e r .  I t  follows t h a t  reducing the r e t a rd e r  
v ib ra t ion  w i l l  in turn  reduce the noise  generated.

Previous attempts (mentioned above) a t  damping the r e t a rd e r  beam 
by such means as sand bags were unsuccess fu l .  However, the p o s s i b i l i t y  of  
absorbing the  r e t a r d e r  v ib ra t ion  by means of  a dynamic v ib ra t ion  absorber [3] 
could be more e f f e c t i v e .  This is  e sp e c ia l ly  t rue  since the frequency which 
tends to be the most bothersome is  in a f a i r l y  narrow band of  frequencies 
(2600-2800 Hz). In t h i s  range a v ib ra t ion  absorber should be able to be 
q u i t e  e f f e c t i v e  in near ly e l iminat ing  the r e t a rd e r  v ib ra t io n .  Should the 
absorber v ib ra t ion  i t s e l f  cause a squeal i t  could be r ead i ly  housed and the 
noise e a s i l y  absorbed. I t  is  planned to design and t e s t  such a dynamic 
v ib ra t io n  absorber system in the fu tu re .
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